A method to assess the application of additive manufacturing to inventory replenishment : a thesis presented in partial fulfilment of the requirements for the Master of Supply Chain Management at Massey University, Albany, New Zealand by Fonseca Garcia, Raphael da
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 







A Method to Assess the Application of Additive 
Manufacturing to Inventory Replenishment 
 
 
A thesis presented in partial fulfilment of the requirements for the  
Master of Supply Chain Management 
at Massey University, Albany, New Zealand 
 
Raphael da Fonseca Garcia 
 
2018
ADDITIVE MANUFACTURING AS AN INVENTORY REPLENISHMENT STRATEGY  
Contents 
Acronyms ....................................................................................................................................... vi 
List of Figures and Tables............................................................................................................. vii 
Acknowledgements ......................................................................................................................... x 
Abstract .......................................................................................................................................... xi 
1. Introduction ............................................................................................................................. 1 
2. Literature Review.................................................................................................................... 5 
2.1 Introduction ..................................................................................................................... 5 
2.2 Inventory Management Techniques ................................................................................ 6 
2.2.1 ABC analysis. ........................................................................................................... 6 
2.2.2 Economic order quantity. .......................................................................................... 8 
2.2.3 Cross-docking. .......................................................................................................... 9 
2.2.4 Multi-echelon optimisation. ...................................................................................... 9 
2.3 Slow-Moving Inventory Management .......................................................................... 10 
2.4 Additive Manufacturing ................................................................................................ 11 
2.4.1 Advantages. ............................................................................................................. 13 
2.4.2 Applications. ........................................................................................................... 16 
2.4.3 Limitations & future trends. .................................................................................... 18 
2.5 Conceptual Model ......................................................................................................... 20 
2.6 Research Gap ................................................................................................................ 22 




2.7 Summary ....................................................................................................................... 24 
3. Research Methodology ......................................................................................................... 26 
3.1 Introduction ................................................................................................................... 26 
3.2 Epistemology ................................................................................................................ 26 
3.3 Ontology ....................................................................................................................... 27 
3.4 Research Strategy.......................................................................................................... 28 
3.5 Research Design............................................................................................................ 30 
3.5.1 Operationalisation. .................................................................................................. 31 
3.6 Ethical Considerations .................................................................................................. 39 
4. Analysis................................................................................................................................. 40 
4.1 Introduction ................................................................................................................... 40 
4.2 Data Collection ............................................................................................................. 40 
4.2.1 Secondary data collection. ...................................................................................... 40 
4.2.2 Criteria requirement. ............................................................................................... 44 
4.2.3 Primary data collection. .......................................................................................... 51 
4.2.4 Further data collection - 3D printing. ..................................................................... 52 
4.3 Populating the Inequation ............................................................................................. 56 
4.3.1 Adjusting the inequation. ........................................................................................ 56 
4.3.2 Variables evaluation................................................................................................ 57 
4.4 Example – Item Number SMSH-24 .............................................................................. 59 




4.5 Validation Process ........................................................................................................ 62 
4.5.1 Introduction ............................................................................................................. 62 
4.5.2 Phase 1 – CAD Drawing ......................................................................................... 63 
4.5.3 Phases 2 & 3 – 3D Printing & Post Processing ...................................................... 67 
5. Results & Findings ................................................................................................................ 71 
5.1 Introduction ................................................................................................................... 71 
5.2 Starting Point ................................................................................................................ 71 
5.2.1 Complexity group 1. ............................................................................................... 71 
5.2.2 Complexity groups 2, 3 4 & 5. ................................................................................ 75 
5.3 Sensitivity Analysis ...................................................................................................... 84 
5.4 Findings......................................................................................................................... 86 
6. Discussion ............................................................................................................................. 89 
6.1 Introduction ................................................................................................................... 89 
6.2 The Importance of Each Variable ................................................................................. 89 
6.3 Review of Findings ....................................................................................................... 91 
7. Conclusions ........................................................................................................................... 92 
7.1 Contributions................................................................................................................. 92 
7.2 Critical Review ............................................................................................................. 94 
7.3 Strengths & Weaknesses ............................................................................................... 95 
APPENDIX 1– The Five Complexity Groups .............................................................................. 97 




APPENDIX 2 – Primary Data Collection: SN1-03 ...................................................................... 99 
APPENDIX 3 – Primary Data Collection: SN2-04 .................................................................... 100 
APPENDIX 4 – Primary Data Collection: SMSP-06 ................................................................. 101 
APPENDIX 5 – Primary Data Collection: SMSH-12v2 ............................................................ 102 
APPENDIX 6 – Primary Data Collection: TEF-PTC08 ............................................................. 103 
APPENDIX 7 – Primary Data Collection: TEF-PTTB04 .......................................................... 104 
APPENDIX 8 – Primary Data Collection: SN8-03 .................................................................... 105 
APPENDIX 9 – Primary Data Collection: SN3-04 .................................................................... 106 
APPENDIX 10 – ICC Calculation (VBA Programming) ............................................................ 107 
APPENDIX 11 – Quantification of TM Costs for SKUs of CG2 .............................................. 108 
APPENDIX 12 – Sub-Group SN1: Traditional Manufacturing Costs (CG2) ............................ 110 
APPENDIX 13 – Quantification of 3DP Costs for SKU’s of Complexity Group 2 .................. 111 
APPENDIX 14 – Sub-Group SN1: 3D Printing Costs (CG2) .................................................... 113 
APPENDIX 15 – Quantification of TM Costs for SKUs of CG3 .............................................. 114 
APPENDIX 16 – Quantification of 3DP Costs for SKUs of CG3 ............................................. 116 
APPENDIX 17 – Quantification of TM Costs for SKUs of CG4 .............................................. 118 
APPENDIX 18 – Quantification of 3DP Costs for SKUs of CG4 ............................................. 121 
APPENDIX 19 – Quantification of TM Costs for SKUs of CG5 .............................................. 124 
APPENDIX 20 – Quantification of 3DP Costs for SKUs of CG5 ............................................. 126 
APPENDIX 21 – Sensitivity Analysis: Complexity Group 2 (IR = 5%) .................................... 128 




APPENDIX 22 – Sensitivity Analysis: Complexity Group 2 (IR = 10%) .................................. 130 
APPENDIX 23 – Sensitivity Analysis: Complexity Group 3 (IR = 5%) .................................... 132 
APPENDIX 24 – Sensitivity Analysis: Complexity Group 3 (IR = 10%) .................................. 134 
APPENDIX 25 – Sensitivity Analysis: Complexity Group 4 (IR = 5%) .................................... 136 
APPENDIX 26– Sensitivity Analysis: Complexity Group 4 (IR = 10%) ................................... 139 
APPENDIX 27– Sensitivity Analysis: Complexity Group 5 (IR = 5%) ..................................... 142 
APPENDIX 28– Sensitivity Analysis: Complexity Group 5 (IR = 10%) ................................... 144 
REFERENCES ........................................................................................................................... 146 
 
  





3DP – Three-Dimensional Printing 
AM – Additive Manufacturing 
CAD – Computer Aided Design 
CG1 – Complexity Group 1 
COGS – Cost of Goods Sold 
CSL – Cycle Service Level 
DC – Distribution Centre 
DDM – Direct Digital Manufacturing 
EOQ – Economic Order Quantity 
ERP – Enterprise Resource Planning 
FOB – Free On Board 
MOQ – Minimum Order Quantity 
MRO – Maintenance, Repair and Operations 
NZD – New Zealand Dollars 
QRC – Quick Release Coupling 
SCOR – Supply Chain Operation Reference 
SKU – Stock Keeping Unit 
TM – Traditional Manufacturing 
VBA – Visual Basic for Applications 
  




List of Figures and Tables 
Figure 2.1 – Typical ABC Classification Pattern ................................................................ 7 
Figure 2.2 – Production Rate: 3D Printing vs. Traditional Manufacturing ....................... 13 
Figure 2.3 – Production volumes versus costs: Traditional Manufacturing versus 
3D Printing (Grynol, 2013) ............................................................................. 14 
Figure 2.4 – Applicable regions within the company portfolio ......................................... 24 
Figure 3.1 – An Outline of the main Steps of Qualitative Research (Bryman, 2012) ....... 29 
Figure 3.2 – Stockturn Calculation for ICC ........................................................................ 36 
Figure 4.1 – Warehouse Plant ........................................................................................... 43 
Figure 4.2 – Complexity Group 1...................................................................................... 46 
Figure 4.3 – Complexity Group 2...................................................................................... 46 
Figure 4.4 – Complexity Group 3...................................................................................... 47 
Figure 4.5 – Complexity Group 4...................................................................................... 47 
Figure 4.6 – Complexity Group 5...................................................................................... 48 
Figure 4.7 – Sales of the Top 200 Items from Oct/16 to Set/17 ........................................ 50 
Figure 4.8 – Cumulative Sales of the Top 200 Items from Oct/16 to Set/17 .................... 51 
Figure 4.9 – SMSNS-16: CAD Drawing (Stages 1 & 2) .................................................. 63 
Figure 4.10 – SMSNS-16: CAD Drawing (Stages 3 & 4) ................................................ 63 
Figure 4.11 – SMSNS-16: CAD Drawing (Final Render) ................................................ 64 
Figure 4.12 – AAA080808: CAD Drawing (Stages 1 & 2) .............................................. 64 
Figure 4.13 – AAA080808: CAD Drawing (Stages 3 & 4) .............................................. 64 
Figure 4.14 – AAA080808: CAD Drawing (Final Render) .............................................. 65 
Figure 4.15 – AC901616: CAD Drawing (Stages 1 & 2) ................................................. 65 




Figure 4.16 – AC901616: CAD Drawing (Stages 3 & 4) ................................................. 66 
Figure 4.17 – AC901616: CAD Drawing (Stages 5 & 6) ................................................. 66 
Figure 4.18 – AC901616: CAD Drawing (Stages 7 & 8) ................................................. 66 
Figure 4.19 – AC901616: CAD Drawing (Final Render) ................................................. 67 
Figure 4.20 – ProX DMP 100 at Massey University ........................................................ 68 
Figure 4.21 – Item SMSNS-16 After Being 3D Printed ................................................... 68 
Figure 4.22 – Item SMSNS-16: Detachment and Support Removal................................. 69 
Figure 4.23 – Item SMSNS-16: Polishing Process ........................................................... 69 
Figure 4.24 – Item SMSNS-16: Before & After Polishing ............................................... 70 
Figure 4.25 – Item SMSNS-16: The traditional manufactured (left) and the 3D 
printed (right) items ........................................................................................ 70 
Figure 5.1 – Traditional Manufacturing Costs (CG1) ....................................................... 73 
Figure 5.2 – 3D Printing Costs (CG1) ............................................................................... 74 
Figure 5.3 – DS10 & DS20: Traditional Manufacturing vs. 3D Printing Costs ............... 75 
Figure 5.4 – TEF-PTCS24: Traditional Manufacturing vs. 3D Printing Costs  ................ 76 
Figure 5.5 – Sub-Group EEE: Traditional Manufacturing Costs (CG3) ........................... 77 
Figure 5.6 – Sub-Group EEE: 3D Printing Costs (CG3)................................................... 78 
Figure 5.7 – Sub-Group K025: Traditional Manufacturing Costs (CG4) ......................... 79 
Figure 5.8 – Sub-Group K025: 3D Printing Costs (CG4) ................................................. 80 
Figure 5.9 – Sub Group K025: Traditional Manufacturing vs. 3D Printing Costs ........... 81 
Figure 5.10 – Sub-Group PVV3: Traditional Manufacturing Costs (CG5) ...................... 82 
Figure 5.11 – Sub-Group PVV3: 3D Printing Costs (CG5) .............................................. 83 
Figure 5.12 – K025-0808: Traditional Manufacturing vs. 3D Printing ............................ 87 




Figure 5.13 – K025-0808: Traditional Manufacturing vs. 3D Printing (varying IR) ........ 88 
 
Table 2.1 – 3D Printing Applications ................................................................................ 16 
Table 2.2 – Organisations employing 3D Printing ............................................................ 17 
Table 2.3 – TM vs. AM: Advantages and Disadvantages .................................................. 20 
Table 3.1 – Variables and their Source of Data ................................................................ 38 
Table 4.1 – Completeness of the SKU Masterdata ............................................................ 41 
Table 4.2 – Warehousing Monthly Costs ........................................................................... 44 
Table 4.3 – The Five Complexity Groups and their Characteristics ................................. 48 
Table 4.4 – The combinations of BS – BSPP Male X BSPP Female Swivel ...................... 49 
Table 4.5 – 3D Printing Times of the Five Complexity Groups ........................................ 55 
Table 4.6 – Finishing Times of the Five Complexity Groups ............................................ 56 
Table 4.7 – Calculating CWH .............................................................................................. 59 
Table 4.8 – SMSH-24 Monthly Closing Stock ................................................................... 60 
Table 5.1 – Quantification of TM Costs for SKU’s of Complexity Group 1 ...................... 72 
Table 5.2 – Quantification of 3DP Costs for SKU’s of Complexity Group 1 .................... 73 
Table 5.3 – Sensitivity Analysis: Complexity Group 1 (IR = 5%) ...................................... 84 
Table 5.4 – Sensitivity Analysis: Complexity Group 1 (IR = 10%) .................................... 85 
  





Firstly, I would like to thank my parents for their invaluable support throughout the entire journey 
from my birthday until this very moment.  I want to also thank my relatives and friends with whom 
I have spent a considerable and enjoyable part of my life. 
This Master’s thesis is especially dedicated to Alan Win, my supervisor in this research, and a 
great person I happen to meet. My life in New Zealand would not have been possible without him. 
Finally, I want to thank Massey University staff, who were always friendly and helpful whenever 
I needed.  In particular, I thank Professor Paul Childerhouse for providing feedback and for guiding 
me through this research. 
  





Companies have historically struggled to deal with their stock, especially the long inventory tail.  
As most of the inventory management techniques that deal with slow-moving stock have proved 
to be rather inefficient, this research investigates the use of additive manufacturing to 3D print 
items on demand and therefore mitigate the inventory carrying and associated costs.  This research 
has been applied to a Hydraulic Equipment Business in New Zealand, which was tested through 
an inequation that models the traditional manufacturing and 3D printing costs, yielding the ‘tipping 
point’ for the use of the 3D printing technology.  Even though the results obtained herein were 
negative for this particular case regarding the use of additive manufacturing, this research has 
developed a methodology to assess the trade-off between traditional manufacturing and 3D 
printing and also provides insights into the characteristics of the inventory of the businesses that 
are most likely to benefit from the use of the technology. 
Keywords: additive manufacturing, 3D printing, inventory tail, slow-moving inventory. 
